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Purpose 

A number of factors related to overall survival (OS) have been addressed in advanced 
non-small cell lung cancer (NSCLC). This study was conducted to determine the 
impact of whole-body metastatic regions on survival outcome in advanced non- 
squamous NSCLC. 

Materials and Methods 

Between March 2005 and February 2011, 112 eligible patients with newly confirmed 
stage IV non-squamous NSCLC, available for epidermal growth factor receptor (EGFR) 
mutation status 18-21 analysis, and accessible for the determination of pretreatment 
whole-body metastatic regions were enrolled in this retrospective study. The total 
number of synchronous metastatic regions was scored according to the following 
disease sites: abdomen/pelvis, lung to lung/pulmonary lymphangitic spread, bone, 
pleura/pleural effusion/pericardial effusion, neck/axillary lymph nodes, other soft 
tissue, brain. 

Results 

The median age of the cohort was 65 years (range, 31 to 88 years) . The median 
whole-body metastatic score was 2 (range, 1 to 6), and bone and lung to lung were 
the most common metastatic sites. EGFR mutations were observed in 40 (35.7%) 
patients with a deletion in exon 19 and Leu858Arg mutation in exon 21 being 
detected in 16 (40.0%) and 19 (47.5%) patients, respectively. Multivariate analysis 
for OS revealed that treatment factors (p=0.005), performance status (p=0.006), 
whole-body metastatic score (p<0.001), and EGFR mutation status (p=0.095) were 
significantly or marginally associated with OS. 

Conclusion 

The results of the present study demonstrated that whole-body metastatic extent 
strongly affects survival outcome, even after adjustment for other significant variables 
in advanced non-squamous NSCLC. The clinical validity of more curative multimodal 
approaches in cohorts with limited metastases remains to be explored. 
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Introduction 

Approximately 80% of primary lung cancers are classified 
as non-small cell lung cancer (NSCLC), and approximately 
two thirds of NSCLC patients present with locally advanced 
or advanced disease that is not amenable to curative surgery 

i http://www.cancerresearchandtreatment.org 
I http://www.e-crt.org 



[1]. In Korea, although lung cancer incidence rates are grad- 
ually declining in men and increasing in women, lung cancer 
constitutes the leading cause of cancer deaths in both groups 
[2]. 

With the change of lung cancer epidemiology, the 
frequency of non-squamous histology, especially adenocar- 
cinoma of the lung, is steadily increasing [3-5]. Non-squa- 
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mous NSCLC has a differentiated disease entity than squa- 
mous cell lung cancer in terms of a common etiology of car- 
cinogenesis and the frequent association with activation of 
genetic alterations that can become specific therapeutic 
targets for recently developed innovative agents [4,6,7]. The 
discovery of epidermal growth factor receptor (EGFR) 
somatic mutations in the tyrosine kinase domain contributed 
to the paradigm shift of therapeutic strategies in non-squa- 
mous NSCLC owing to the unique biological responsiveness 
and characteristics of these tumors [6,8]. 

Although there are diverse known prognostic factors 
affecting overall survival (OS) in advanced NSCLC, there are 
conflicting results among studies, and it remains uncertain 
which parameters definitively influence the overall outcomes 
[7,9-14]. In the present study, we hypothesized that the 
examination of clinical features of long-term survivors in 
advanced non-squamous NSCLC would provide a more 
curative approach to enhance patient prognosis, despite the 
dismal oncologic outcomes in the majority of patients with 
metastatic diseases. The prognostic importance of whole- 
body metastatic extent in advanced NSCLC remains uncer- 
tain, and we wished to clarify the impact of pretreatment 
whole-body metastatic extent on survival outcome relative 
to other known significant elements in advanced non-squa- 
mous NSCLC. 



Materials and Methods 

1. Patient population 

Between March 2005 and February 2011, 112 eligible 
patients were enrolled for inclusion in this retrospective 
study. The inclusion criteria were as follows: patients with 
newly confirmed stage IV non-squamous NSCLC as deter- 
mined by the 7th American Joint Committee on Cancer 
classification system; patients who were evaluated for EGFR 
mutation status 18-21 from tumor specimens prior to treat- 
ment; and patients with available pretreatment whole-body 
imaging studies for the assessment of metastatic regions. We 
obtained approval from the Institutional Review Board of 
Catholic Medical Center ethics committee for this retrospec- 
tive study. Performance status (PS) based on the Eastern 
Cooperative Oncology Group (ECOG) PS scale and smoking 
history were routinely examined and recorded in electronic 
medical charts. 



2. Review of imaging study and whole-body metastatic 
score 

Imaging studies were performed prior to the start of treat- 
ment for the detection of synchronous metastatic regions, 
including whole body 18 F-fluorodeoxyglucose (FDG) 
positron emission tomography /computed tomography 
(PET/ CT), CT of the whole chest and abdomen/ pelvis, and 
magnetic resonance imaging (MRI) or CT of the brain. 
18 F-FDG-PET/ CT was performed in 106 of the 112 patients, 
while six patients underwent CT of the whole chest and 
abdomen/pelvis instead of 18 F-FDG-PET/CT. Whole body 
bone scans and MRI of the spine were selectively performed 
when skeletal metastasis was suspected or clinically indi- 
cated. Nuclear medicine specialists and radiologists 
reviewed the findings of the distant metastases. When an 
accurate discrimination of metastatic disease and reactive 
changes were difficult, serial image findings or standard 
uptake value changes in [ 18 F]-FDG-PET scans were used. 
Except for cases of primary tumors with metastatic lymph 
nodes in the thorax with only pleural or pericardial effusions, 
routine cytologic examination for effusions was not 
performed for diagnostic purposes. 

Based on the imaging studies, we conducted the applica- 
tion of a whole-body metastatic scoring system in the same 
manner reported in our previous study [15] to estimate the 
whole-body extent of metastatic spread. Advantages and 
shortcomings of our whole-body scoring system to measure 
tumor extent are described in our previous publication. In 
brief, the total amount of tumor burden in metastatic disease 
was difficult to determine accurately. Therefore, we scored 
the total number of synchronous metastatic sites according 
to disease sites, and the whole-body metastatic score was 
recorded as 1 to 7 based on summation of each score. Cate- 
gorization of the seven sites was as follows: abdomen/ pelvis 
(including adrenal gland, lymph nodes, and other abdominal 
or pelvic organs), lung to lung or pulmonary lymphangitic 
spread, bone (skeletal system), pleura and /or pleural effu- 
sion and /or pericardial effusion, neck and /or axillary lymph 
nodes, other soft tissue, and brain. 

3. Mutational analysis of EGFR 

Formalin fixed paraffin-embedded lung tumor tissues 
from surgical resections or bronchoscopic biopsies were 
investigated. Representative sections were stained with 
hematoxilin and eosin, and the presence of tumor was veri- 
fied by an experienced pathologist. To identify tumor areas 
containing at least 80% tumor cells, 10 (jm thick unstained 
sections were analyzed under the microscope. DNA was 
extracted from microdissected tumor cells with xylene and 
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ethanol to remove the paraffin and then placed in 1% sodium 
dodecyl sulfate /proteinase K (10 mg/ mL) at 56°C overnight. 
DNA was extracted using a QIAamp DNA Mini Kit (Qiagen, 
Hilden, Germany) according to the manufacturer's instruc- 
tions. After polymerase chain reaction (PCR) amplification 
of the exons (18-21) of EGFR, PCR fragments were separated 
via agarose gel electrophoresis and purified using a 
QIAquick PCR Purification Kit (Qiagen) according to the 
manufacturer's recommendations. Direct sequencing of the 
PCR amplicons was performed for both strands using the 
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems, Foster City, CA) on an ABI3730XL DNA 
analyzer (Applied Biosystems). 

4. Survival assessment 

Information on OS status and date of death for all patients 
was retrieved from the survival data registered at the 
National Cancer Center (Goyang, Korea) and Seoul St. 
Mary's Hospital. Among the 112 eligible patients, eight were 
lost to follow-up from our institution after initial screening 
for staging and EGFR mutational analysis without further 
treatment. However, the final status of the entire patient 
population was available from the national registration 
records. 

5. Statistical analysis 

Pearson chi-square or Fisher's exact tests were used for 
comparison of the proportion of variables. OS duration was 
defined as the time from the date of pathological diagnosis 
to the date of death from any cause. The Kaplan-Meier 
method was performed for survival estimation, and survival 
difference was analyzed using the log-rank test. The Cox 
proportional hazards model was used for multivariate analy- 
sis of OS. All statistical analyses were two sided, and a 
p-value of <0.05 was considered to be statistically signifi- 
cant. 



Results 

1. Patient and tumor characteristics 

Table 1 summarizes the characteristics of the patients and 
tumors. The median age of the patients was 65 years (range, 
31 to 88 years), while 61 (54.5%) patients were male. The ma- 
jority of the patients (92.8%) had a histology that was consis- 
tent with adenocarcinoma. The composition of the other 



Table 1. Patient and tumor characteristics 



Characteristic No. of patients (%) 



WD, well differentiated; MD, moderately differentiated; 
PD, poorly differentiated; ECOG PS, Eastern Cooperative 
Oncology Group performance status; EGFR, epidermal 
growth factor receptor. 



histologies was two poorly differentiated (PD) carcinomas 
and two NSCLCs without further detailed information. 
Ninety-one (81.1%) patients had a PS of ECOG score of 0-1. 
Patients' smoking history was categorized as never-smoker 
or ever-smoker (current+former smoker). The frequency of 
ever-smokers was 50.9%. EGFR mutation was noted in 40 
(35.7%) patients. 

2. Distribution of metastatic sites and characteristics of 
metastasis confined to a single system 

The median whole-body metastatic score in the entire 
cohort was 2 (range, 1 to 6). Ninety-eight (87.5%) patients had 
whole-body metastatic regions limited within three systems, 
and 32 (28.6%) had a single whole-body metastatic score. The 
most common sites of metastatic regions were pulmonary 
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Table 2. Distribution of total metastatic score and meta- 
static regions 



Total metastatic score 
/Metastatic regions 


No. of patients (%) 
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Metastatic regions 
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Lung to lung/Lymphangitic spread 


67 (59.8) 
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Upper neck/ Axillary regions 


14 (12.5) 


Other soft tissue 


3 (2.7) 
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29 (25.9) 



and skeletal systems. Sixty-nine (61.6%) patients had bone 
metastasis, while lung-to-lung metastasis or lymphangitic 
lung spread was observed in 67 (59.8%) patients. The 
detailed characteristics of the distribution of whole-body 
metastatic sites are summarized in Table 2. 

The metastatic distribution of cohorts with a single whole- 
body metastatic score was as follows: lung-to-lung/ 
lymphangitic lung spread in 12 patients, bone metastasis in 
nine, pleural metastasis / pleural effusion /pericardial effu- 
sion in six, abdomen/ pelvis in two, brain in two, and 
neck/ axillary in one. 

3. Correlation between EGFR mutation status and other 
characteristics 

EGFR mutation was more frequently detected in female 
patients (p=0.002), never-smokers (p< 0.001), and patients 
with well to moderately differentiated tumors (p=0.017). 
Among 61 male and 51 female patients, 14 (23%) and 26 
(51%) had activating EGFR mutations, respectively. Simi- 
larly, among 55 never and 57 ever smokers, 29 (52.7%) and 
11 (19.3%) showed activating EGFR mutations, respectively. 
Among 35 tumors with PD histology, 7 (20%) exhibited 
activating EGFR mutations. In contrast, 29 (43.9%) out of 66 
well-to-moderate differentiated tumors revealed activating 
EGFR mutations. 



4. Detailed characteristics of EGFR mutation 

A deletion in exon 19 and Leu858Arg mutation in exon 21 
were detected in 16 (40.0%) and 19 (47.5%) patients, respec- 
tively. A double mutation in exon 19 (lle744Met) and 21 
(Leu858Arg) was noted in one patient and a Leu861Gln 
mutation in exon 21 was found in one patient. The remaining 
four patients showed an activating EGFR mutation in exon 
20. Of the entire cohort of 112 patients, a Gln787Gln silent 
mutation in exon 20 was noted in 19 patients. The median 
OS time was 28, 6.9, and 11 months in EGFR 19, 20, and 21 
mutant carriers, respectively, but this difference was not 
statistically significant (p=0.120). 

5. Treatment characteristics 

All patients were regarded as having metastatic stage IV 
disease and were scheduled to undergo systemic treatment. 
However, 95 (84.8%) patients received systemic chemother- 
apy or targeted therapy as the first-line treatment at our 
institution. Before April 2011, the cost of treatment with 
targeted agents as the first line of treatment in patients with 
EGFR mutations was not covered by our national insurance. 
Thus, prior to that period, the majority of patients were 
treated with first-line chemotherapy as the first treatment in 
NSCLC. First-line targeted agents were only selectively 
prescribed in patients who were enrolled in clinical trials or 
those who wished to pay for therapy themselves. 

The most common regimens for doublet chemotherapy 
were gemcitabine plus cisplatin (42.9%) followed by 
docetaxel plus cisplatin (11.6%). Other chemotherapeutic 
regimens were composed of paclitaxel/carboplatin in ten 
patients, pemetrexed / cisplatin in seven, docetaxel mono- 
therapy in six, gemcitabine/ carboplatin in two, vinorelbine 
in one, and gemcitabine /vinorelbine in one. Bevacizumab 
was used in combination with standard doublet chemother- 
apy in two patients. Six of the seven patients treated with 
first-line targeted agents received geftinib, while one 
received erlotinib. In 33 patients, targeted agents were 
subsequently administered after first-line chemotherapy due 
to disease progression. Among 40 patients who exhibited 
EGFR mutations, 21 had received at least one course of 
targeted agents. Among these 21 patients, the median OS 
was 23 months (95% confidence interval [CI], 17.3 to 28.7 
months). In nine patients, the first-line systemic treatment 
could not be delivered due to poor general condition or 
patients' decisions. Instead, these patients received palliative 
radiotherapy to the metastatic regions and the best available 
supportive care. Treatment information for eight patients 
was not available due to loss to follow-up after pathological 
and staging work-up. 
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Table 3. Univariate and multivariate analysis for overall survival 



Factors 


Univariate 
p-value 


Multivariate 
p-value HR (95% CI) 


Age (yr) 


0.064 


- 


- 


>65 


- 


- 


- 


<65 


- 


- 


- 


Gender 


0.086 


- 


_ 


Male 


- 


- 


- 


Female 


- 


- 


- 


EGFR mutation 


0.005 


0.095 


- 


No 


- 


- 


1 


Yes 






0.660 (0.405-1.075) 


ECOG PS 


0.026 


0.006 


_ 


0-1 






0.436 (0.236-0.782) 


2-4 






1 


Total metastatic score 


0.001 


< 0.001 




1 






0.247 (0.132-0.460) 


>2 






1 


Treatment 


0.012 


0.005 




No systemic treatment /Unavailable information 






1 


Systemic chemotherapy only 






0.414 (0.220-0.777) 


At least one course of targeted therapy 






0.329 (0.167-0.648) 



HR, hazard ratio; CI, confidence interval; EGFR, epidermal growth factor receptor; ECOG PS, Eastern Cooperative Oncology 
Group performance status. 



6. Univariate and multivariate analysis for OS 

At the time of analysis, 84 (75%) patients had died. The 
median OS period was 12.8 months (range, 1 to 55.8 months). 
The proportion of patients living more than two years after 
pathological diagnosis was 16.1% (n=18). Although both 
EGFR mutation and smoking status were significant prog- 
nosticators for OS in the univariate analysis, only EGFR 
mutation status was included for survival analysis due to 
strong correlation between the two variables. In the univari- 
ate analysis for OS, EGFR mutation status (p=0.005), ECOG 
PS (p=0.026), whole-body metastatic score (p=0.001), and 
treatment characteristics (p=0.012) were significantly associ- 
ated with OS. The median OS in patients with EGFR muta- 
tion and EGFR wild type was 20 months (95% CI, 6.6 to 33.4 
months) and 11 months (95% CI, 7.7 to 14.3 months), respec- 
tively, and those of patients with a whole-body metastatic 
score of 1 and more than 1 were 36 months (95% CI, 16.9 to 
55.1 months) and 10.6 months (95% CI, 9.0 to 12.2 months), 
respectively. The median OS for patients treated with no 
systemic agent/ unavailable information, systemic chemothe- 
rapy only, and at least one course of targeted agents were 6 
months (95% CI, 3.1 to 8.9 months), 12.6 months (95% CI, 3.7 
to 21.5 months), and 14 months (95% CI, 6.0 to 22.0 months), 
respectively. Age (p=0.064) and gender (p=0.086) were 



marginally associated with OS. Upon multivariate analysis, 
ECOG PS (p=0.006), treatment characteristics (p=0.005), and 
whole-body metastatic score (p< 0.001) remained signifi- 
cantly associated, but EGFR mutation status (p=0.095) did 
not. The results of the univariate and multivariate analyses 
are shown in Table 3. When we separately performed 
log-rank survival analyses according to the whole-body 
metastatic score, a separation of the survival curves in the 
subgroups between whole-body metastatic score < 2 and 
whole-body metastatic score > 2 (p=0.030) was observed, but 
no such separation was observed between whole-body 
metastatic score <3 and whole-body metastatic score >3 
(p=0.781). 

Among seven patients treated with first-line targeted 
agents, two had a deletion in exon 19, one had a Leu858Arg 
mutation in exon 21 and the remaining four patients had no 
EGFR mutations. The OS of three EGFR-mutated patients 
were 5.8 (21 mut), 22.4 (19 mut) and 25.5 (19 mut) months, 
while those of patients with the four wild type EGFR status 
were 1, 1, 6, 11, 8, and 13.1 months. 
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Discussion 

We aimed to clarify the main prognostic factors related to 
OS in metastatic non-squamous NSCLC and identify a subset 
of patients who could be approached with curative intent at 
the time of their initial diagnosis from the radiation oncolo- 
gists' perspectives. 

Previous publications have suggested various prognostic 
factors involved in advanced NSCLC using heterogeneous 
patient populations [7,9-14]. In the present study, ECOG PS, 
treatment factors and whole-body metastatic score were the 
major determinants for OS in advanced non-squamous 
NSCLC. 

Similar to previous studies, we found that EGFR mutations 
were more frequently detected in female patients, never- 
smokers and patients with well to moderately differentiated 
tumors [7,8,11,16,17]. Although the EGFR mutation status 
significantly influenced OS, the importance was marginal 
upon multivariate analysis. Additionally, the types of admin- 
istered treatment were important factors for survival 
outcome. Although the median OS was 14 months when all 
patients treated with at least one course of targeted agents 
were considered, it was 23 months in those exhibiting EGFR 
mutations. Even though this difference was not statistically 
significant in previous studies [7,18], an OS difference among 
EGFR mutation subtypes was also observed in our study. 

The whole-body extent of tumors was estimated by scoring 
the involved metastatic regions. In a previous study [15], we 
observed a significant difference in tumor marker values 
between the low and high whole-body metastatic score 
groups. We wanted to reveal the impact of whole-body 
metastatic score on OS, and thus included that variable in 
survival analysis. Although there are some limitations to our 
scoring system, there has been no other method to accurately 
determine the total burden of metastatic disease. Similar 
findings were observed in a more recent study [14]; notably, 
although a specific method was not described, the number 
of involved metastatic organs was a significant variable in 
the multivariate and univariate survival analysis. 

In the present study, a whole-body metastatic score for 
patients was a significant factor for OS, and the separation 
of OS curves tended to disappear when an increase in whole- 
body metastatic score was included as a variable. There was 
a significant OS difference in subgroups between the whole- 
body metastatic score < 1 vs. whole-body metastatic score > 
1, and between the whole-body metastatic score < 2 vs. 
whole-body metastatic score > 2. However, similar findings 
were not observed between the whole-body metastatic score 
<3 vs. the whole-body metastatic score > 3. Therefore, the 
number of whole-body metastatic regions can be considered 
a comprehensive and robust prognostic factor in advanced 



non-squamous NSCLC. We also indirectly observed the pat- 
terns of metastatic spread in patients with a single whole- 
body metastatic score. Pulmonary and skeletal systems were 
the most common sites of initial metastatic regions observed 
in the single whole-body metastatic score group, as well as 
among the overall metastatic patterns. Our findings suggest 
that, even in disseminated diseases, there is an initial spec- 
trum of subgroups that can be cured by more aggressive 
treatment. 

A limitation of our scoring system is that patients with a 
single whole-body metastatic score included those with 
malignant pleural effusion, pericardial effusion or pulmo- 
nary lymphangitic spread. These patients often have a more 
dismal prognosis than other single whole-body metastatic 
score patients. However, despite this limitation, the whole- 
body metastatic score showed a consistent prognostic role, 
and the results of the study suggest that patients with 
multiple gross lesions confined to limited regions may be 
good candidates for more curative synchronous multi-target 
ablative treatment using high precision radiotherapy tech- 
niques. Previous reports attempted to clarify the benefit of 
these approaches [19-24]. Milano et al. [21] reported the 
results of a prospective pilot study of curative-intent stereo- 
tactic body radiation therapy in patients with five or fewer 
oligometastatic lesions. In their study, a greater sum of gross 
tumor volume predicted worse OS, local control (LC) and 
distant control, and patients with breast cancer conferred 
better significant outcomes. However, neither the number of 
metastatic lesions nor the number of involved organs was a 
significant predictor of outcome. The LC rate was not dete- 
riorated (2-year 87% vs. 6-year 87%) in their long-term 
follow-up study [22]; however, the freedom from distant 
metastasis rate decreased significantly from 52% at 2-years 
to 36% at 6-years. In a study by Arrieta et al. [19], a promising 
OS outcome of 31.8 months was reported for patients with 
NSCLC with brain only metastasis. In their study, patients 
were treated with whole brain radiation therapy and two 
cycles of paclitaxel/cisplatin induction chemotherapy. If 
disease did not progress, concurrent chemoradiation of 
paclitaxel/ carboplatin chemotherapy with 60 Gy of irradia- 
tion followed by selective adjuvant chemotherapy was 
employed. It is still unclear whether patients with limited 
metastatic regions will ultimately achieve clear clinical 
benefits in terms of survival outcomes and inhibition of new 
metastatic lesions following the eradication of all metastatic 
sites using these approaches; accordingly, future studies 
using well-designed future randomized trials are needed. 
Even though the cost effectiveness of more curative appro- 
aches has not yet been demonstrated, recent advances in 
novel radiation delivery methods enabled synchronous 
multi-target treatments, even in remote meta-static diseases 
within a large treatment field [25]. 
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It should be noted that the present study has the following 
limitations. Our eligible criteria might result in several biases. 
Although the whole-body metastatic scoring system reflects 
the tumor extents, the development of more accurate and ef- 
ficacious methods to determine the total tumor burden in the 
disseminated state should be addressed. Despite the compo- 
sition of heterogeneous treatment characteristics, our data 
demonstrated the consistent prognostic importance of 
whole-body metastatic score and ECOG PS, which is the 
traditionally established prognostic factor in NSCLC. Our 
study was carried out under tumor histology of non-squa- 
mous NSCLC; however, further studies are needed to deter- 
mine if the same results can be drawn for squamous NSCLC 
or other types of cancer. 



conducted to determine whether the patient subsets with 
those characteristics could be suitable candidates for achiev- 
ing improved treatment outcomes with more aggressive 
multi-modal and multi-target approaches. Moreover, our 
results warrant the introduction of an optimal scoring system 
to accurately predict the patient survival outcomes in 
advanced non-squamous NSCLC based on large cohort stud- 
ies. 
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Conclusion 

A good PS, administration of appropriate systemic treat- 
ment and metastases confined to limited regions were strong 
prognostic indicators of long-term survival in advanced 
non-squamous NSCLC. Future investigations should be 
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